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1 ^ REF ID : A4146724 

MEMORANDUM FOR RECORD. 

TO: Mr. Friedman 

FROM: Mr. Snyder, R/D 3501 

SUBJECT: SUPERFLEX 



1. I am forwarding the material .on SUPERFLEX, about which I telephoned 
you the other day, so that you can get a full picture of the background 
actions since the original proposal in August 1946, for study as your own 
schedule permits . 

2. I understand that results of recent field testing of the "507" 
reveal, among other things, difficulties due to variations in the length of 
electrical paths through the rotors. This will certainly influence the - 
engineering evaluation of SUPERFLEX. The seriousness of this trouble, and 
the likelihood of an eventual solution should be re-evaluated if cryptographic 
evaluation of SUPERFLEX indicates that it is worthy of serious consideration. 

3. I would appreciate your comments as to the potentialities of this 
system, apart from engineering considerations. Particularly what possibilities 
there are in one of its small embodiments. 



S. S. SN&BER 

r/d 350I 



Incl: ■ 

SUPERFLEX File 



Declassified and approved for release bvNSA on 10-15-2014 pursuant to E.Q. 135213 
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15 September 1952 



MEMORANDUM 

TO: Dr. Kullback 

FROM: S . S . Snyder 

SUBJECT: SUPERFLEX 

1. You may recall the time in 19^6, when I developed the idea and the sug- 
gested embodiment for the cryptographic device called SUPERFLEX. It was born of 
a desire for a device which would thwart the classic methods of entry into wired 
rotor systems, namely, either by "stripping" one rotor at a time, or by dividing 
the machine in half. Such methods are possible primarily because, in the classic 
rotor maze, current entering at a given point follows a path through a series of 
rotors in turn and always in the same ofider. My proposal varies the point of 
entry, the order and the number of rotors in the path, according to change of 
setting and also according to plain text entry point. The method of accomplishing 
this includes, in the most likely embodiment, the use of printed circuit "cards" 
as a means of varying the machine setup or specific key. Possession of the 
machine, the rotors, and the cards would not constitute a compromise, without 
knowledge of the selection of cards and order of assembly in a specific key. In 
fact, it is possible, subject to verification by security study, that clear 
indicators could be used for rotor settings. 

2. Under the then Projects Section, CSGAS 76 C, a certain amount of study 
was devoted to this. A handtester was put together using SIGABA baskets and 
SIGHEK pluggable stators; with this it was possible to simulate various plugging 
setups, and much was learned about its potentialities and limitations. Also, 
the subsection heads all wrote comments on SUPERFLEX, and Miss Phyllis Metcalf 
made a fairly complete study of a representative situation. These comments and 
the security study are attached with he original paper and its amendments, as 
well as a paper by Frank Proschan on the number of paths of various lengths 
possible under different conditions. Dick Chiles, particularly, made valuable 
contributions, suggested several improvements, and helped put together the hand- 
tester. As far as I know, the idea for this device never was given enough 
backing to be forwarded to any higher echelons, nor were there any strong 
objections which would throw it out of consideration for eventual adoption. 

3- Since I am still of the opinion that this device could be of potential.’ 
value, and since I am sure it does no good to be resting in my file unevaluated, 

I am offering it to the Agency through you, for enough research to evaluate its 
potentialities. I understand that the newly constituted branch 31 ^ will have 
opportunity to give greater emphasis to such security studies, and it may be 
that this is the time end the right place to reopen this matter. I only hope 
that during the past six years there have not been occasions when this device 
could have satisfied some Agency need. 



S. S. SNYDER 
Procedures Branch, 351 
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Mr. S. S. Snyder 
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Superflex 

1. Herewith is the folder we discussed recently. 

2. Our studies on this indicate that the ideas might easily he developed 
into a secure system if the various features con be made practical. There is* 
of course, a question of whether another system built along more conventional 
designs representing the same complexity and same amount of equipment would 
provide security as great as this principle. This we were not able to answer* 
In my own opinion, unless a system built along the lines of Superflex would 
blook solution based on known stepping of rotors, I am inclined to think that 
security would not be substantially greater than that from a more conventional 
machine of comparable complexity. Putting it another way, if the use of this 
principle would permit transmission of message rotor alignments in tho clear, 
safely, this would bo a step forward. 

3. I have been at a disadvantage on this system by not knowing what the 
engineers would consider praotioable in terms of equipment features. This i6 
& type of research for whioh all deadline jobs seem to take precedence; con- 
sequently, whenever we started the study qf any spocifio application of the 
system, there seemed always to be a deadline job coming up that forced this 
one to wait. I apologize for having so little to report. 



B. A. PAGE 
Head, APSA-412B 
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Complete evaluation, please. 

Priority Z. Deadline 25 Jan 1951 or tetter 
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IT July 1950 



As per our conversation the other day. I am sending herewith a folder 
containing a file copy of my proposal for SUPERFLEX, together with other 
papers bearing on the subject. I would appreciate an evaluation of the 
basic theory, and an appraisal of its suitability for inclusion in an official 
device. 

The proposal is described in the basic paper, which was in the form of 
a memorandum to Projects Section on 6 August 194-6. Mr. Chiles, who was in 
that Section at the time, became interested in it, and made valuable contri- 
butions, including a suggested embodiment which is described in his paper 
dated November 1946. Also he was primarily instrumental in constructing a 
'hand-tester' which turned out to be invaluable both for testing variations of 
the device and for producing cipher text for study. Sets of sliding strips 
can be used for this, and for detailed check of the actual rotor paths, but 
the process is extremely slow for mass encipherments. 

A later suggested embodiment, dated 19 September 194-7 , introduced the 
idea of a 'commutating cylinder' which if engineeringly feasible, would add 
considerably to the security by changing stator' plugging at each encipherment. 

The security study included herein was made by Miss Metcalf, and is the 
only extensive effort along this line. Certainly other analysis is necessary 
to get a complete evaluation. ' 

Thank you very much for your consideration. 



SAM (signed) 
S. S. SNYDER 
APSA 351D 
Ext. 377 (AHS) 
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COUNTS OK 3UFERELEX 



1« The system which has been proposed was based on the assumption, among 
others, that security would be enhanced because additional items need be either 
captured or obtained in other ways by an enemy* Considering our present rotor 
systems, we may say that the following components of a system must be protected! 

a. The key list 

b. The rotors 

c. She basic system. 

2. The basic system, however, usually must be considered as known to the 
enemy, That leaves, then, only the key list and rotors to be safeguarded. If 
either is compromisad security depends upon the continued unoompromised status 
of the other, fifth the addition of another component to toe system, security 

of traffic, presumably, would continue even after the loss of any two components. 

3. It should be noted in this connection that if there is a loss by capture 
one can not be certain that all components have not been lost. If there is a 
compromise through espionage one must expect all components to be lost. At least 
these are the safest assumptions to make. 

4. There is an advantage when shipping systems to holders in having many 
components in a system. Then, if one component is lost in transit the remaining 
uncompromised components should assure security until replacement of the lost 
component can be made. One simple way of increasing the number of components 
in our present systems is to divide the key list into separate parts, all parts 
together then being needed to operate the system. Loss in transit oh one com- 
ponent would not necessarily endanger secuilty. As a practical matter, com- 
promised key lists can be replaced with leas strain on production facilities 
and with less' expense than can rotors or other components more difficult and 
expensive to produce. The frequency of changing the different components and 
the length of time they remain effective affeots the relative importance of the 
components « 

5* Four rotors are recommended for the system, mainly to assist in reduoing 
the weight and size of the maohine. Ho motion is specified for the four rotors. 
Because the type of motion contributes a great deal to the security or insecurity 
of a system no definite statement can be made on the security of this system. 

If straight-forward predictable motion is used, even with five rotors, it seems 
quite probable that methods of solution can be found. In considering possible 
motions for the maohine, thought must be given to the effect of clear indicators, 
one rotor off (if this should bo dangerous to security use of only four rotors 
will allow suoh a condition to arise more often than a greater number of rotors), 
tailing, etc. 

6. The study of reflexing is, as yet, scarcely begun and it seems reason- 
able to believe that techniques will be found for handling reflexed systems which 
oan be applied to this system. As it stands now a considerable amount of time 




CSGAS-76C (10 October 47) 

and effort will b e needed to give a proper evaluation of the security of the 
system. 

7. It would seem to be true that if a strong motion is needed for 
security, regardless of other factors, then most effort should be concentrated 
on finding a strong motion and depending on it for the principal security 
safeguards. 



JAMES H. DOUGLAS - 
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9 January 1947 



COMMENTS ON SUPERFLEX 

Notedo The using forces will not stand for plugging. Therefore this 
problem should be licked first. Secondly, much more security study must be 
done before this idea can be circulated. 



A. I. DUMEY 
Cryptologic Branch 




COMMENTS ON SUPERFLEX 



1* The limitation on motion, suggested in paragraph 2 d 
of the description, which would insure that none of the rotors 
would be stationery for more than two successive encipherments 
would greatly increase the difficulty of guaranteeing a long 
cjcle on the machine* The limitation was introduced to suppress 
repeats in the cipher which jjorrra frpjjt repeats in the plain* Such 
a limitation would Increase irf the cipher which com© from 

successive letters in the plain, ABp = CD c . This would happen. 

when ever all wheels/* turned between such a plain text pair* Any 
further limitation of motion cuts down the number of trials the 
enemy cryptanalyst^mua^ make * The suggested limitation would not 
entirely suppress rep#=®fee F wh , ich come from consecutive repeated 
letters • 

2* The test messages enciphered b^ the machine show a large 
percentage of two-wheel encipherments* The following percentages 
were enciphered by two wheels only: 

25.5^ of Test 1 
33. 7# of Test 2 
30*0# of Test 3 
24*0$ of Test 4 

The following characteristics of the machine are suggested as 
offering a possible statistical solution because of the number 
of two-wheel encipherments* 

The following wheel orders are the only ones possible in a 
two-wheel encipherment with the machine set up as in the example* 

' 1 and 4 

2 and 4 

2 and 5 

3 and 4 
3 and 5 

Tiie cipher text may be divided into two classes, those 
letters which are the output of Rotor 4 and those letters which 
are the output of Rotor 5* In the example 13 letters come from 
wheel 4 and 13 letters come from wheel 5* If all entry points 
are equally possible then 3/5 of the two-wheel encipherments are 
going to leave the machine at wheel 4. If high frequency letters 
are plugged into w/ieel 1 then this percentage v/ill become larger. 
On the basis of frequency it might be possible to classify the 
cipher text as outputs of wheel 4 or wheel 5 which will begin to 
give an entry into the machine for bombing with fewer trials* 

The basis for classification of cipher text Is a result of 
the limitation which does not allow the wheel order 1 and 5 as a 
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{Comments on SUPERFLEX) 

two-wheel encipherment* This was introduced to cut down the 
number of two-wheel encipherments* A different set of stator 
plugging which did not use one as an entry point and 5 as an 
exit point might be devised to overcome the frequency attack, 
which is an attack and not a solution* 

3* If this machine Is suggested to fulfill Basic Military 
Requirements II, III or IV tho consideration of Inter-communica- 
tion may become very complicated unless all three devices employ 
similar principles* 

4* The machine would be subject to error In sotting up the 
key whether cards or plugs were used to vary the stator wiring. 
Frequent changes of key would certainly not be practical* 

Mary MacNeill, 



27 August 1946 

I suggest (a) a security study based on fixed stator wiring 
(which is probably what will be the case, anyway) to see what 
can be done about getting the wueels and identifying them, and 
(b) consideration of reflexed machine, which would permit the 
removal of the limitations on motion (to some extent). 

DANIEL M, DR IB IN 



11 September 1946 

Some improvement in the means of "plugging*’ seems to be 
indicated if this idea is to, be useful - and I don't like the 
Idea of fixed stator wiring* Certainly, also, the suggestion 
should be developed to eliminate the necessity for the motion 
restrictions* Perhaps a simpler device including the re-entrant 
feature should be studied first. 



Warren H. Turner, Jr* 



13 January 1947 

The 2-wheel encipherment danger can be circumvented by In- 
troduction of a reflector §§ fcfe&t one andplate is used; of course, 
bridged elements are still hl’lghly doubtful. Plugging is a diff- 
iculty which must be faoed realistically 




Daniel M* Drib in 







wiirr 



(Comments on SUPERFLEX) 



9 November 1946 



It should be pointed out that the idea of assembling 26 
cards from a deck of 108 containing possible printed circuits 
permits more flexibility than is indicated in paragraph IE and 
Figure 3* Since the choice of number and position of entering 
rotors (from LFS) and exit rotors (to RFS) is not fixed, these 
can be varied by printing of new sets of cards* Presumably new 
cards would be issued at the time new sets of rotors were sent 
out. This, therefore, increases further the variability, and 
is an additional advantage over the plugging method mentioned 
In paragraph IE which would have 108 stator wirings built Into 
the machine and only allow variation of plugging* 

Mary Neely Rosebro 



Research on the basic security of simple reflexed cipher 
systems has pointed up the fact that the first step In any solu- 
tion effort is to separate those elements whose encipherments 
involve one channel (one trip through the maze) from those whose 
encipherment involves several channels* Moreover any use of a 
reflexed element requires specific assumptions as to the number 
of trips through the maze* In the light of the above study 
3UPERFLEX solution would require an effort to separate the ele- 
ments into classes according to the specific wheel order (i.e., 
wheels 1-2-2-3 etc.) for the elements being used. This effort 
would be a major one except possibly for the 2-wheel encipher- 
ments and the physical difficulty of changing the stators* 

The fact that in 3 to 10JS jO f the cases a specific two-wheel 
encipherment may be involve# ' ■‘ wxfcS a wedge for solution if the 
identification of which elements are of this type is possible* 

If wheels 4 and 5 are mad® fairly fast moving wheels in 
order to complicate this identification then it may be possible 
to set wheels 4 and 5 and then wheels 2 and 3 in turn by assump- 
tions made an encipherment by wheels 2 and 4 and verified by 
2 and 5 encipherments* The two-wheel encipherments* Addition 
of another wheel or two would make it possible to guarantee that 
no two-wheel encipherments occur* 

Unless the stator "cards" are changed frequently the inse- 
curity of the two-wheel encipherments will engulf the basic se- 
curity advantages of the "superflexing” * 

Perhaps a 7-wheel device as suggested below which eliminates 
2-wheel encipherments would provide more security* This device 
sacrifices the variabllty provided by the cards for the assurance 
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(Comments on SUPER FLEX) 



that the minimum 3-wheel encipherments will occur in less than 
11% of the cases o Moreover the security due to variability of 
the cards will be partially regained by the possibility of more 
frequent changes of the stators. 



In the description below the inputs of stators are described 
as being connected to the outputs of stators by multiple position 
switches instead of cards# i*e*, if the Input of stator C Is 
connected to the output of stator An then the encipherment would 
have involved wheel 2 and then wheel 1 in that segment of its 
path. 
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Let 3, 4 , 5 be the most rapid wheels - for example let 4 
be fast and either 3 or 5 move every time* Let successive wheels 
move in opposite directions* bet the cards be replaced by 52 - 
six position switches and a daily key list furnish the settings 
of these switches. (The key list could be prepared so that for 
high frequency letters the stator A be connected only to A or B 
thus guaranteeing encipherments by a minimum of 4 wheel on high 
frequency letters* 



The wiring task on the chassis of any SUPERFLEX will be a 
gigantic production problem and therefore very strong recommend- 
ations will have to be made before it will be adopted* Devices 
of comparable security* 

V.’llliam H* Erskine 
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(Comments on SUPER FLEX) 

23 October 1946 

I like the basic contribution which this device makes to 
cipher machine technology, but bellevs it would be better if 
certain practical defects or difficulties could be eliminated* 

One is the complexity of the internal wiring job, which is 
apparently a neccessary corallary to the inclusion of the feature 
of pluggable stators. Another possible criticism is the fact 
that within any key period (same stator plugging) there is a 
consistent entering rotor associated v/lth each plain letter, and 
likewise a consistent exit rotor associated with each cipher 
letter* The following variation in the design is offered as a 
means of eliminating both, and also, in line with Dr* Erskine’s 
suggestion, it insures at least a three-rotor encipherment for 
every plain-text character. A further advantage is that the 
necessity for inserting the twenty-six cards in slats bo change 
the stator plugging is eliminated, this change being, effected 
merely by substituting a new plastic cylinder for the one former- 
ly in use, as described below* 

The cipher maze of the machine would consist of the follow- 
ing elements : 

(1) Seven rotors (preferably of the plastic printed- 
circuit type) • These rotofcs would be in the form of rings approx- 
imately 3" or 3& rt in diameter, depending on the number of contact 
points, with a 2" hole in the center of each Instead of the usual 
V' or 3/8 H shaft hole • 

(2) Sight stators separating the rotors, of special 
construction as shown in Figure 1* 

(3) a cylinder, 2" in diameter and e^ual in length to 
the length of the rotor-stator assembly. This cylinder will have 
circuit paths printed on its surface which serve to inter- connect 
the input ana output contacts of the stators (see Figure 2), 
effecting the same result as the stator wirings of 3UPERFLSX. I n 
addition this cylinder serves as the shaft about which the rotors 
move and itself is moved independently (possibly opposite in 
direction to the movement of the rotors) • This would have the 
effect of not only shifting the points of contact of plain and 
cipher letters w.ith each encipherment, but also of adding to the 
variability which results from the basic idea of stator plugging. 

As shown in Figures 2 and 3, stators A, B, C, and D are 
inter-connected by the circuit paths printed on the rotating 
cylinder, and in the same way stators E, F, G, and H are inter- 
connected* This arrangement is merely an adaptation of Dr. 

Erskine *s suggestion, and if the circuit paths for each set of 
four stators are arranged so that at least one rotor from the 
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(Comments on SUPER FLEX) 

group 1, 2 and 3 and one from the group 5, 6 and 7 is used in 
every path (rotor 4 being used every time), a minimum three-rotor 
encipherment is assured for each plain-text character* It will 
be noted that the cylinder may be cut in half and each half 
moved independently, if thiB is thought desirable.* 

If the above limitation is used to assure at least a three- 
rotor encipherment, there are eighteen possible circuit arrange- 
ments for each set of four stators. All eighteen circuits are 
shown on the cylinder in Figure 2. If the same tolerances which 
were used in planning printed rotor circuits are maintained, all 
of these paths can be easily arranged on a cylinder 2" in dia- 
meter with the rows of contact points spaced apart. 

J* R * Chiles 
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STUDIES OF SUPERFLEX 



An exhaustive security study has not been made of all em- 
bodiments of SUPERFLEX* Such methods of solution as could be 
devised and carried through by hand have been tried for the 
simplier embodiments of the machine* Ho method of attack is 
at hand for tho most complicated version of SUPERPLEX which 
includes mixed level stator wiring* A detailed report of the 
embodiments studied, the materials used, and the results ob- 
tained follows . 

I Original Embodiment 

A* Description* 

1* 5 Hebern type rotors with 26 points each 

2. Orange type motion - cascading multiple notch 
3* 6 stators* 

S 

a* Variable by plugging (26 point IBM jacks) or 
printed circuit cards* 

b. Jio mixed levels In stator wiring. 

c. Limitations. 

(1) Minimum 2-rotor encipherment insured by de- 
signating 3 rotors as entrance rotors and 
the remaining 2 as exit rotors . 

(2) 5 possible 2-rotor encipherments 
(1-4, 2-4, 2-5, 3-4, 3-5) 

B« Frequency Counts 

1* 200 letters of matching plain - cipher 



a. Plain frequencies 

(1) 32 occurrences of X (word-spacer) 

(2) 27 occurrences of E 

(3) 0 occurrences of K, Q, Z 
b* Cipher frequencies 

(1) 12 occurrences of D, S to 

(2) 3 occurrences of S 
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(Studies of SUPERFLEX) 

(3) no. blanks, 
c. Number of rotors involved 

(1) 51 2-rotor encipherments 

(2) Average encipherment was through 5 rotors 

(3) Maximum encipherment was 22 rotors 

2* Same as B 1 above but with different motion pattern. 

a. Plain frequencies - see above 

b. Cipher frequencies 

(1) 15 occurrences of S to 

(2) 2 occurrences of R 

(3) no blanks. 

c. Number of rotors involved 

(1) 67 2-rotor encipherments 

(2) Average encipherment through 5 rotors 

(3) Maximum encipherment was 23 rotor3 

3* 100 encipherment of rt E K which entered fast moving rotor 

a. Cipher frequencies 

(1) 8 occurrences of L to 

(2) 1 occurrence of ' 0 , P, Z 

b. Repeats 

(1) no consecutive occurrence of identical en- 
ciphering paths 

(2) 4 cases of conaeoutive cipher repeats de- 
rived by different paths • 

4. 100 encipherments of **R ** (entering slowest entrance 

rotor) 
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(Studies of oUPLRFLDX) 

a. Cipher frequencies 

(1} 12 occurrences of 0 to 
(2) 0 occurrence of C, W, 2 

b. Repeats 

(1) 1 pantograph (SKKKK) due to identical en- 
ciphering paths occurring consecutively and 
caused by no motion of enciphering wheels 
involved* 

(2) 5 trigraphs as above 

(3) 9 digraphs as above 
C* Attempts at Solution 

1. Given motion, setting, order, and wiring of rotors, 
an attempt was made to recover stator wiring with 200 
letters of cipher text. 

a. Uethodi Plains f, £” and "X" were assumed to enter 
Rotor 3. Every cipher letter was assumed to have 
come from plains E and X and was deciphered 
through every possible combination of 2 wheels* 

A table was ksp,t of the stator wirings implied by 
each of these possible encipherments. Analysis 
of confirmations and contradictions in this table 
yielded 13 correct wires and one incorrect wire 
in stators D, E, and F. Decipherments through 
taese established wires gave insufficient clues 
for cribbing in additional plain text . 

b. An attempt was made to recover plain text by re- 
moving rotor 5, Wi.ere wires derived in (a) above 
made it possible, and deciphering through rotors 
2 and 3* An attempt to assign plain text letters 
to the entrance points of these wheels on the 
basis of frequencies gave insufficient data to 
warrant continuation of such an approach. 

2# Given setting, motion, order, and wiring of rotors. 

An attempt was made to recover stator wiring with 
200 letters of matched plain-cipher* 

a. Method - All stator wiring implied by possible 
2-rotor encipherments was tabulated* Confirma- 
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(Studies of SUPER FLEX) 

tiona were sufficient in 34 oases to aooept the 
derived wires as a basis for obtaining addition- 
al ones from 3-rotor encipherments. All stator 
wiring was recovered. (It is probable that this 
could not have been accomplished with 200 letters 
of matched plain-cipher from a machine with sim- 
ple metric motion if there were no turnover of 
3rd, 4th, and 5th wheels.) A tabulation of wir- 
ing implied by all possible 2-rotor encipherments 
of the same 200 matched plain-cipher pairs with 
rotors set Incorrectly gave results with suffi- 
cient contradictions to reject the setting. 

II Second Embodiment 

A. Description 

1. 5 Kebern-type rotors (26polnt) 

2. Simple metric motion - 1 notch per wheel. 

3. 6 stators (same as In Original Embodiment) 

D. Frequency Counts 

1. 255 plain-cipher pairs 

a. Wumber of 2-rotor encipherments: 

(1) 17.9$ before turnover of 3rd wheel. 

(2) 61$ (in only 26 pairs) after 3rd wheel break. 

b. Plain-cipher conatatationa show break-point 
approximately. It was possible to determine to a 
large extent which plain letters were enciphered 
through rotor 1 and any combination of rotors 1, 
2, 3, 4, 5; which were not enciphered through 1; 
and which were not enciphered through 1 or 2* 

C. Attempts at Solution 

1. Given 10 consecutive cipher alphabets, known rotor 
order, setting, wiring, and simple metric motion 
with turnover of 2nd wheel only between the 5th and 
6th alphabets . An attempt to recover stator wiring 
on the basis of 2-rotor encipherments was made. 36 
correct stator wires were recovered. These produced 
insufficient decipherments in a massage to suggest 
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(Studies of SUPERFLBX) 

cribbing or recovery of additional stator wires, even 
when rotor wiring, motion, and setting of the message 
were known* 

III Third Embodiment 
A* Description 

1* 10 Heborn-tjpe rotors (26 point Sigrotes) 

2# Simple metric motion - (Some sample encipherments 
made with simple metric motion In 2 sets of 5 rotors 
each.) 

3. 10 stators 

a. Mixed- level wiring* 

b. No variation of stator wiring. 

c* Minimum 2-rotor encipherment guaranteed by having 
plain pass through rotor 1 before entering stator 
A where variation In wheel order Is initiated; by 
having no conhection from stator A direct to 
cipher output • 

B* Observations 

■r '• 

1* Given 10 messages in depth - show that frequencies 

between breakpoints of 2nd fast wheel can be exploit- 
ed as well as column frequencies to derive plain text* 

2* Given 2 messages 4ith same plain and In depth on all 
but 6th wheel* The sample shows that wheel 6 was in- 
volved in 193 of the 327 encipherments (60* 6#. This 
would seem to imply that reading text by setting and 
deciphering on fewer than all ten wheels might be 
impractical* 

3* Given 25 cipher alphabets and all elements of the 

machine except stator wiring. No method of solution 
devised. 

IV Fourth Embodiment 
A* Description 

1. 4 Hebern-type rotors (26 point) 

2. Orange type motion - cascading multiple-notch* (In 
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